4 )
Multi-Dimensional Quantum T unneling and

Transpor t Using the Density-Gradient Model

Bryan A. Bieg el
MRJ Technology Solutions
NASA Ames Resear ch Center, NAS Division

Collaborator s

Dr. Zhiping Y u (Stanf ord Univer sity)
Dr. Mario Ancona (Na val Resear ch Laborator vy)

Dr. Conor Raff erty (Lucent T echnologies)

biegel@nas .nasa.go v, http://science .nas.nasa.go v/~biegel

(G J
Bryan Biegel NAS Division, NASA Ames Research Center MRJ, Inc.
4 )

Multi-Dimensional Quantum T unneling and
Transpor t Using the Density-Gradient Model

Outline

* Motiv ation

» Density-Gradient Model
e Quantum Confinement
e Quantum T unneling

e Conclusions

. J

Bryan Biegel NAS Division, NASA Ames Research Center MRJ, Inc.




4 )
Tunneling and T ranspor tin MOSFETs
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Year classical , quantum effects refiabriity
Need 2-D/3-D electronic transport model with quantum effects, but...
e Quantum computations still too slow
* Drift-diffusion (classical) model is industry work-horse
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Density-Gradient Model
Density-Gradient Model (quantum-corrected drift-diffusion):
on 2b [DZ/\/F]D b = _hz
= — Uy = S w——
P 00Db,0On—np, O(u+ uqn)] gn n[] n 0 N~ 12mkq
0 2 2
a_ltj =0d [[Dpljp+ pppD(u+qu)] quE_pr%D_ﬁ)E b = h
Jp p 12m¥q
Effect of quantum potential:
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Quantum Confinement - Carrier Pr ofiles
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MOS Gate Capacitance
1-D MOS Capacitor Model 200 . ;
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30 nm MOSFET - Drain Characteristic
2-D MOSFET Model
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30 nm MOSFET - Gate Oxide T unneling
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Conclusions

» Density-Gradient transport model:
e Similar to industry standard model (DD)
* Moderate additional computation
¢ Quantum confinement, tunneling

e Simulated quantum effects
« MOS Capacitor: dramatic improvement in accuracy
* Small MOSFET: I decrease = Qchannel decrease
e First 2-D DG tunneling: S/D tunneling “hot-spots”
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Future DG T unneling Model

Simple Density-Gradient model assumes diffusive tunneling!

Under development: “two-fluid”, lossless, inertial tunneling model
Why?

MOS Capacitor Gate Current Simple DG Tunneling
(Simple DG Tunneling vs. Exp.)
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Two-Fluid DG T unneling
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Thermalization
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How? PROPHET: Script-based PDE solver (Lucent Technologies)
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